























and	the	subsequent	disintegration	of	concrete.	Steel	fibre	reinforced	concrete	has	been	increasingly	used	as	the	railway	tunnel	 lining	material	but	 it	 is	not	clear	 if	discrete	steel	fibres	can	still	pick	up	and	transfer	stray













































































































crown.	From	a	structural	perspective,	 the	compressive	strength	of	 tunnel	segments	 is	of	 the	upmost	 importance	to	ensure	the	overall	stability	of	 the	tunnel.	Velayutham	et	al.	 [38]	reported	that	a	steel	 fibre	content	equivalent	to
40	kg/m3	contributed	to	a	significant	increase	in	the	28-day	compressive	strength	from	45.2	to	61.7	MPa.	This	finding	agrees	with	Caratelli	et	al.	[39]	who	reported	an	average	compressive	strength	of	61.2	MPa	achieved	in	concrete
lining	segments	containing	40	kg/m3	steel	fibres.	Randomly	dispersed	steel	fibres	in	concrete	also	effectively	restrain	crack	growth	and	reduce	the	permeability	of	concrete.	Fire	in	a	railway	tunnel	may	lead	to	significant	loss	of	life	and











































The	presence	of	chloride	 ions	 in	the	concrete	pore	solution	can	break	down	the	passive	 layer	of	steel	reinforcement	and	 lead	to	a	 localized	pitting	corrosion.	Pitting	corrosion,	 in	comparison	to	uniform	corrosion,	 is	more
difficult	to	measure	using	conventional	civil	engineering	methods	such	as	a	weight	loss	measurement	as	there	is	no	significant	mass	change	[14].	The	pitting	tendency	of	steel	fibre	was	studied	in	this	work	through	the	CP	polarization

























0Fibre 480 0.35 845 869 0 4.8
20Fibre 480 0.35 845 869 20 4.8


































0%NaCl 480 0.35 1814 0
2%NaCl 480 0.35 1814 9.6
4%NaCl 480 0.35 1814 19.2
6%NaCl 480 0.35 1814 28.8
3.3	Results	and	discussion
3.1.3.1	Compressive	strength
























Ca(OH)2 ‐−	331 0.221 0.134 0.096 0.001
Ca(OH)2	+	0.3	mol/L	NaCl ‐−	406 0.232 0.187 0.246 0.003
Ca(OH)2	+	0.6	mol/L	NaCl ‐−	503 0.193 0.229 0.266 0.003
Ca(OH)2	+	0.8	mol/L	NaCl ‐−	415 0.132 0.200 0.981 0.011





















Ca(OH)2 ‐−	446 0.620 0.159 0.034 0.0004
Ca(OH)2	+	0.3	mol/L	NaCl ‐−	588 0.398 0.447 0.354 0.004
Ca(OH)2	+	0.6	mol/L	NaCl ‐−	662 0.419 0.525 16.86 0.197
Ca(OH)2	+	0.8	mol/L	NaCl ‐−	666 0.283 0.301 81.44 0.953
The	corrosion	current	densities	(icorr)	presented	in	Table	3	and	Table	4	are	based	on	the	Tafel	kinetics	of	 individual	redox	reactions	(i.e.	Eqs.	(3),	 (4)	and	(5)).	To	study	 the	 formation	of	 the	passivation	 layer	and	 the	corrosion
behaviour	of	steel	fibres	under	stray	current	environments,	CP	polarization	tests	were	conducted	on	the	same	corrosion	cells	(Fig.	3)	using	freshly	prepared	electrodes	and	electrolytes.	CP	polarization	test	results	(Fig.	8)	show	a	sudden
decrease	of	 the	current	density	 (i)	with	an	 increase	of	 the	potential	 (E)	which	can	be	defined	as	a	passivation	potential	 (i.e.	Epass).	Epass	 represents	 the	potential	value	at	which	 the	passive	 layer	 is	developed	on	 the	surface	of	 the
electrode.	With	a	further	increase	of	E,	i	increased	further	and	this	can	be	attributed	to	the	breakdown	of	the	passive	layer.	The	current	value	increased	sharply	from	the	pitting	potential	(Epit)	where	the	disruptive	effect	of	chloride	ions
overcame	the	stabilizing	effect	of	hydroxide	ions	[30].	A	reverse	scan	was	then	conducted	until	the	hysteresis	loop	closed	or	the	corrosion	potential	was	reached.	The	area	enclosed	by	the	hysteresis	loop	was	used	to	qualitatively	define






































the	best	fit	parameters,	 i.e.	Rf,	Cdl	and	Rct,	were	insignificant.	With	4%	NaCl	added	into	the	mix,	Rct	reduced	from	above	10	kΩ∙·cm2	to	1.7	kΩ∙·cm2.	This	 indicates	a	high	susceptibility	 for	steel	pitting	corrosion;	an	 increase	 in	 the


















0%NaCl 1.5 1.0 6.4 0.29 13.0 57.5 0.84 ‐–
2%NaCl 0.99 1.6 1.4 0.34 15.0 38.1 0.83 ‐–
4%NaCl 1.7 2.4 65.6 0.99 6.0 331.8 0.45 20.4
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